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Abstract: Klebsiella spp. can cause various severe human diseases, such as bloodstream infections, pneumonia, 

and urinary tract infections. Carbapenem antibiotics have been recommended as first-line treatments for the 

infections that are caused by multidrug-resistant Gram-negative pathogens. However, the emergence and spread 

of bloodstream infections due to extended spectrum beta-lactamase (ESBL)-producing K. pneumoniae has 

aroused wide public concern all over the world. This cross-sectional and retrospective study aimed to evaluate 

the antimicrobial susceptibility of ESBL-producing enterobacteria isolated from blood cultures of patients with 

bloodstream infections in Northeast of Brazil. 
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I. INTRODUCTION 
A significant increase of bloodstream infections caused by extended-spectrum-β-lactamase (ESBL)-

producing Enterobacteriaceae in the community have been described. ESBLs are defined as plasmid mediated 

enzymes produced by some bacterial species and that can hydrolyze most beta-lactam antibiotics [1, 2]. An 

interesting study about ESBL-producing Escherichia coli causing bacteremia have studied 1307 blood culture 

samples in Sweden, from which E. coli was the main ESBL-producing species, detected in 6.1% of cases [3]. In 

Brazil, the progressive prevalence of ESBL-producing enterobacteria, mainly Klebsiella pneumoniae, reaches 

alarming rates of detection and continues to expand in South America [1]. Recent data showed high rates of 

resistance monobactams, cephalosporins, fluoroquinolones and sulfonamides of ESBL-producing 

Enterobacteriaceae isolated from patients with urinary tract infection in Brazil [4, 5]. We provided data from the 

Northeast of Brazil and evaluated the antimicrobial susceptibility of ESBL-producing enterobacteria isolated 

from blood cultures of patients during four years at a private laboratory in the city of Parnaiba, PI. It has been 

detected an increase in antimicrobial resistance to drugs that are commonly used as treatment for bloodstream 

infections. 

 

II. METHODS 
 This cross-sectional, retrospective, and epidemiological study was approved by the Research Ethics 

Committee of Federal University of Piaui (Protocol number 66139617.4.0000.5669). All exams were performed 

between January 2014 to December 2017.  Further information on the samples, such as the age and sex of the 

patient, isolated microorganism, the result of the antimicrobial susceptibility and disk approximation tests for 

phenotypic detection of ESBL, were obtained through access to de database of the laboratory. The exclusion 

criteria included blood culture in which the antibiogram was not performed or the technique of disk 

approximation was not performed concomitantly. The private laboratory that accepted to participate in the 

present study signed the consent term, allowing the collection and analysis of data and the test results. The 
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identity of patients was preserved throughout the time of accomplishment of this study. The data obtained 

regarding age, sex, isolated microorganisms, susceptibility profile and ESBL-producing were analyzed in SPSS 

23.0 software. 

 

III. RESULTS 
A total of 115 blood cultures were included. The age of the patients ranged from <1 year of age to 97 

years (average age 19.5 ± 28.1 years). Regarding sex, male patients represented 53.9% (n=62) and 46.1% 

(n=53) were female. All the blood culture presented bacterial growth and all patients have fever or suspicion of 

sepsis.  

Enterobacteriaceae were positive in 89 (77.4%) cases, being Klebsiella spp. the most prevalent species 

detected in 52 (45.2%) blood cultures, followed by E. coli detected in 15 (13%) cases. Staphylococcus spp. was 

observed in 14 (12.2%) samples and in 34 (29.8%) blood culture, other species were isolated as the etiological 

agent. 

ESBL-production was demonstrated by the disk approximation technique in 22 (24.7%) out of the 89 

enterobacteria isolated, of which 19 (86.4%) corresponded to the Klebsiella spp., two (9.1%) were Enterobacter 

spp. and one (4.5%) was Serratia spp. The age of patients presenting bacterial growth in blood culture by 

positive ESBL enterobacteria ranged from <1 year of age to 74 years (average age 8.86 ± 22.98 years).   

The antimicrobial susceptibility profiles of ESBL-producing enterobacteria are demonstrated in Table 

1. Within carbapenems, susceptibility to imipenem was found in 86.4% (n = 19) and to meropenem in 95.5% (n 

= 21). Among fluoroquinolone, susceptibility to ciprofloxacin and norfloxacin occurred in 77.3% (n=17) and 

22.7% (n=5), respectively. 

The ESBL-producing enterobacteria showed resistance in 86.4% (n = 19) to amoxicillin, a penicillin 

with a beta-lactamase inhibitor, and 81.8% (n = 18) to aztreonam. Resistance was also observed to the first, third 

and fourth generation cephalosporins in 95.5% (n = 21) to cefotaxime, followed by 90.9% (n = 20) to 

ceftriaxone, 77.3% (n = 17) to ceftazidime, and 72.6% (n = 16) to cefepime. To sulfonamides 

(sulfamethoxazole/trimethoprim), 86.4% (n = 19) of the isolates were resistant (TABLE 1). 

 

 

Table 1: Profile of antimicrobial susceptibility of ESBL-positive enterobacteria (n = 22) and non-ESBL-

producing (n=93) 

 
 

IV. DISCUSSION 
A total of 659 samples of enterobacteria isolated from different clinical specimens were evaluated by 

Abreu et al. [5] in the city of São Luis, Northeast of Brazil, of which 125 (19%) were ESBL-producing, being K. 

pneumoniae the most prevalent species, detected in 50.4% (n=63) cases. In another study, Seki et al. [6] 
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detected the prevalence of ESBL-producing bacteria in 93 (40.2%) of 231 bloodstream isolates of 

enterobacteriaceae recovered from patients admitted to general medical wards or intensive care units in Rio de 

Janeiro, Brazil, being K. pneumoniae the most prevalent species. Some studies have suggested that ESBL-

positive K. pneumoniae bacteremia compared to ESBL-positive E. coli bacteremia is often associated with 

complicated infection and less often with uncomplicated infection such as urinary tract infection [7]. 

In the present study, the prevalence of ESBL-producing enterobacteria was 24.7% (n=22). Klebsiella 

spp. was the major beta-lactamase producing species, corresponding to 86.4% (n=19). Our data corroborate with 

those presented by Tuon et al. [8], in the city of Curitiba, Brazil, whose study demonstrated a prevalence of K. 

pneumoniae  ESBL-producing in adult patients with bacteremia in 60.6% (n=63) of the 104 cases evaluated, and 

the rate of mortality reached 49.2%. The detection of ESBL-producing enterobacteria in blood culture is related 

to higher mortality rates and some studies show that these bacteria are the main cause of septicemia in Brazilian 

hospitals [1].  

Since K. pneumoniae is a leading cause of nosocomial infections, the high rates of ESBL production 

among these microorganisms group is of much concern. Also, the profile of the beta-lactamase producing 

species may differ both geographically and also in relation to the type of infected patient, it is important to 

identify and detect the presence of ESBL-producing enterobacteria [9, 10]. In the present study, the resistance 

rates to gentamicin reached 95.5% for ESBL-producing enterobacteria whereas for non-ESBL-producing 

bacteria the resistance detected was 48.4%. These results deserve attention, once this high level of resistance to 

multiple antimicrobials highly limits the treatment options for bloodstream infections in these settings [9]. 

Another study described a high proportion (82.9%) of invasive bloodstream infections with community acquired 

ESBL-producing Klebsiella pneumoniae in a rural community in Ghana. This high proportion of ESBL-

producing Klebsiella spp. is worrisome and might be devastating in the absence of second line antibiotics [11]. 

Some studies have been show an increasing resistance rates to ceftriaxone and an increasing detection 

of ESBLs worldwide with the highest rates of ESBL production among Klebsiella spp. and E.coli from Latin 

America when compared with other regions of the world [12]. This situation may be a consequence of multiple 

facts such as the indiscriminate use of cephalosporins for common infections as well as the limited infection 

control measures to reduce the transmission of multidrug-resistant microorganisms. In the present study, the 

resistance rate to ceftriaxone of ESBL-producing enterobacteria was high (90.9%), while the resistance of non-

ESBL-producing bacteria was present in 36.6% of the cases. 

 

V. CONCLUSION 
 In conclusion, ESBL production was demonstrated in 22 (24.7%) of 89 isolates of Enterobacteriaceae. 

Of these, 19 (86.4%) were Klebsiella spp., two (9.1%) were Enterobacter spp., and one (4.5%) was Serratia 

spp. A high susceptibility to carbapanems and quinolones (ciprofloxacin) was observed. However, a high 

proportion of the isolates showed resistance of beta lactamics, monobactams, cephalosporins, and sulfonamides. 
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